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Abstract:  This contribution discusses traffic prioritization aspects in the uplink as a component of user plane congestion mitigation.
1
Background

In this contribution we focus on traffic prioritization, which can be considered from two aspects:
1. Per-flow prioritization: 

· Identify, differentiate and prioritize traffic from different applications in order to provide these applications with appropriate service quality during RAN user plane congestion.
2. Per-user prioritization:

· Prioritize traffic from different users (for example, prioritize traffic generated by gold users vs. normal users).

Conclusion 1.1: Solutions should be considered for both per-flow prioritization and per-user prioritization. 

Although a lot of focus in SA2 has been made thus far in downlink traffic in offline and online discussion, there are applications that generate much traffic in the uplink direction, like peer-to-peer applications, gaming, video conferencing, etc. Generally, whenever a certain traffic flow is being prioritized (or de-prioritized) in the downlink direction, it should receive the same priority in the uplink direction.  Similar applies for per-user prioritization.
Conclusion 2.1: Solutions should be considered for both uplink traffic prioritization and downlink traffic prioritization. Ideally, a unified solution is devised that applies to both UL and DL.  If different solutions are used for UL and for DL for certain use cases, they should work well with each other, so that it works well for applications requiring both uplink and downlink flows. For instance, solutions should allow that a same data flow receives equal priority (e.g. high/low) in both uplink and downlink, particularly for the case when both directions are congested.

In the following, we give a review of how uplink scheduling works, and give some insights and conclusions to move forward on finding solutions for per-flow prioritization and per-user prioritization for uplink case.
2
Uplink traffic prioritization considerations

The UE has an uplink rate control function which manages the sharing of uplink resources between radio bearers. RRC controls the uplink rate control function by giving each bearer a priority and a prioritised bit rate (PBR), which is signalled by the eNB. The values signalled may not be related to the ones signalled via S1 to the eNB. There is a one-to-one mapping between a radio bearer and a logical channel. The eNB provides this mapping and along with the priority and PBR of each logical channel/bearer, it also provides a bucket size duration (BSD) and assigns a logical channel group (LCG) which can take only 4 values. 
The uplink rate control function ensures that the UE serves its radio bearer(s) in the following sequence:

1.
All the radio bearer(s) in decreasing priority order up to their PBR;

2.
All the radio bearer(s) in decreasing priority order for the remaining resources assigned by the grant.

NOTE1:
In case the PBRs are all set to zero, the first step is skipped and the radio bearer(s) are served in strict priority order: the UE maximises the transmission of higher priority data.

If more than one radio bearer has the same priority, the UE serves these radio bearers equally.

The UE provides the eNB with buffer status reports. These buffer status reports are per LCG. The eNB provides uplink scheduling grants based on the buffer status reports provided by UEs. 
Now, there are two aspects worth noting:

1. The buffer status report are designed to minimize signalling overhead. It would not be advised to extend them to provide additional information, like which type of flow is present at the UE buffers.

2. The eNB provides uplink scheduling grants to the UE, and not to particular logical channel/bearer. The UE uses the grants based on the priority/PBR of each logical channel.

To be more specific, the UE performs Logical Channel Prioritization per TS 36.321:

The UE maintain a variable Bj for each logical channel j. Bj is incremented by the product PBR × TTI duration for each TTI, where PBR is Prioritized Bit Rate of logical channel j. However, the value of Bj can never exceed the bucket size = PBR × BSD. 

Then, the UE allocates resources to the logical channels in the following steps:

1. All the logical channels with Bj > 0 are allocated resources in a decreasing priority order. If the PBR of a radio bearer is set to “infinity”, the UE allocates resources for all the data available for transmission on the radio bearer before meeting the PBR of the lower priority radio bearer(s);

2. The UE decrements Bj by the total size of MAC SDUs served to logical channel j in Step 1

Conclusion 2.1: For uplink scheduling, the eNB is a-priori unaware of the type of content that’s present in the UE buffer. This is fundamentally different from downlink scheduling, where the eNB can prioritize packets based on either bearer classification or packet markings received from P-GW.
Without extensively changing the solution for uplink scheduling defined since Rel.8, then the UE should still follow the logical channel prioritization mechanism as described above, since this is the only thing the eNB is aware of and can control (through configuration via RRC). 

Therefore what is left for the UE is to prioritize packets within a bearer/logical channel.  This needs to be performed by the UE, possibly based on rules provided by the network. 

Conclusion 2.2: Per-flow prioritization shall be performed by the UE in the uplink. The rules on how to perform this prioritization may be provided by the network. To be consistent with eNB uplink scheduling grant mechanism, the UE shall:

· Perform logical channel prioritization first (as configured via RRC).

· Once the UE allocates resources to a certain logical channel, within each logical channel / bearer, UE performs flow prioritization.
It is worth noting that though per-flow prioritization is performed within the UE, this does not cover per-user prioritization. This is in contrast to the downlink case, where the eNB may be aware of both type of users and type of flows.

Conclusion 2.3: Particularly for uplink, techniques for per-user prioritization and per-flow prioritization may be performed in different entities. For instance, the eNB should be the correct entity to perform per-user prioritization, since it is in charge of providing UL scheduling grants to each UE, while the UE may be involved in performing per-flow prioritization based on the scheduling grants provided by eNB.
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Proposed text into TR 23.705
5.X
Key Issue #Y: Uplink Traffic Prioritization
5.X.1
General description and assumptions
One key aspect of RAN congestion mitigation is the capability for the system to prioritize certain traffic. There are two types of prioritization:
1.
Per-flow prioritization: 

-
It should be possible to identify, differentiate and prioritize traffic from different applications in order to provide these applications with appropriate service quality during RAN user plane congestion.
2.
Per-user prioritization:

-
It should be possible to prioritize traffic from different users based on subscription type, e.g., differentiate between traffic generated/received by gold users vs. normal users.
There are certain applications that generate much traffic in the uplink direction, like peer-to-peer applications, gaming, video conferencing, etc. Generally, whenever a certain traffic flow is being prioritized (or de-prioritized) in the downlink direction, it should receive the same priority in the uplink direction. Solutions should be considered for both uplink traffic prioritization and downlink traffic prioritization. If different solutions are used for UL and for DL, they should work well for applications requiring both uplink and downlink flows. For instance, solutions should allow that a same data flow receives equal priority (e.g. high/low) in both uplink and downlink, particularly for the case when both directions are congested. Similar applies for per-user prioritization.
Particularly for uplink, techniques for per-user prioritization and per-flow prioritization may be performed in different entities. For instance, the eNB should be the correct entity to perform per-user prioritization, since it is in charge of providing UL scheduling grants to each UE, while the UE may be involved in performing per-flow prioritization based on the scheduling grants provided by eNB.
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